Plasmid ColVBtrp maintenance in Erwinia carotovora cells was followed by measuring kinetics of elimination of plasmid genetic markers and loss of plasmid deoxyribonucleic acid. An E. carotovora mutant stably carrying plasmid ColVBtrp was isolated. Besides stable plasmid maintenance, the mutant showed altered sensitivity to male-specific phage MS2, sensitivity to drugs, and colony morphology.
Maintenance of plasmids in bacteria is a convenient model system for studies of mechanisms stabilizing genome structure. Plasmids often contain insertion or transposable elements, which are known to alter plasmid structure, including molecular size (4, 5) . The copy number of a plasmid can increase or decrease as a result of mutation in the chromosome (13) or in the plasmid itself (37) . Finally, a plasmid can be lost by the cell. The loss can be caused by different factors such as: (i) inhibition of plasmid replication as a result of mutation in the chromosome (11, 20, 31) or in the plasmid (16, 35, 39) ; (ii) plasmid mutations affecting cell division (18, 23, 36) ; (iii) plasmid incompatibility (28, 29) ; and (iv) the presence of curing agents in the culture medium (1, 15, 27, 40) .
Koyama et al. (22) showed that a mutation in plasmid ColVBtrp may lead to instability of the plasmid in Escherichia coli. The mutant plasmid alters the cell division pattern and properties of the cell membrane (23) . Earlier, we found that plasmid ColVBtrp is unstable in Erwinia aroideae (now called E. carotovora) when the cell population is in the stationary phase of growth (12) . To determine whether plasmid or chromosomal genes are involved in the plasmid instability in E. carotovora, I decided to investigate the phenomenon in greater detail and to attempt isolation of a mutation stabilizing the plasmid.
This report presents data on the kinetics of loss of plasmid ColVBtrp markers from E. Media and chemicals. Meat-peptone broth and meat-peptone agar were used. Minimal agar, M9 medium, and phosphate buffer were prepared as described previously (3) . Rifampin (Serva), nalidixic acid (Calbiochem), and N-methyl-N'-nitro-N-nitrosoguanidine (Serva) were used at concentrations indicated in the text.
Mating procedure. All matings were performed as described previously (12) .
Bacteriocin assay. Separate colonies on meatpeptone or minimal agar were killed with chloroform vapor and overlaid with soft agar (5) containing indicator strain A23 (for colicins) or EC1 (for erwinicin). After overnight incubation at 30°C, clear zones developed around bacteriocin-producing colonies.
Sensitivity to male-specific phage MS2. Cells from individual colonies were suspended in 0.1 ml of meat-peptone broth, 0.5 ml of soft agar was added, and the mixture was poured into a well in meat-peptone agar. After 5 grown overnight at 30°C in meat-peptone broth and diluted to the same optical density. To 1 ml of bacterial suspension 0.1 ml of phage suspension containing about 103 particles was added. After 10 min of incubation at room temperature, the samples were cooled to 00C and centrifuged at 2,500 x g for 10 min. The supernatant fluid was removed, and the pellet was suspended in 1 ml of meat-peptone broth. To each supernatant fluid and pellet sample 4 ml of soft agar containing about 4 x 108 cells of indicator strain AE10 was added, and the mixture was poured onto meatpeptone agar plates. After incubation for 24 h at 300C, phage plaques were scored.
Alkaline sucrose gradient centrifugation. Bacteria were grown overnight at 300C in M9 medium containing [3H]thymidine (10 ACi/ml) and deoxyadenosine (250 ,ug/ml). Lysates were prepared for centrifugation as described previously (10) . Lysate (0.1 ml) was layered onto a 5 to 20% alkaline sucrose gradient in a 5-ml nitrocellulose tube and was centrifuged in a Spinco L50 centrifuge with an SW50 rotor at 40 (Fig. 2) (Fig. 3IA) , which is in agreement with our previous observation (12) . MS2r Col+ Trp+ largecolony cells contained CCC DNA which sedimented with a sedimentation coefficient of 295 ± 6S and made up about 4% of the total bacterial DNA (Fig. 3IB) . According to the equation S = 0.19 x M0397 (7), the molecular weight of this DNA equals 106 (± 5) x 106; i.e., it corresponded to the molecular weight of plasmid ColVBtrp isolated from Proteus mirabilis (14) . The loss of the Col+ marker occurred simnultaneously with the disappearance of the 295S peak (Fig. 3IC ) and with the appearance in the MS2r Col-Trp+ large, flat-colony cells of two new peaks at 177S and 157S (Fig. 3IIA) . The molecular weights of these DNAs were 31.6 (± 1.6) x 106 and 22.4 (± 1.1) x 106, and they accounted for 1.2 and 0.8% of the total cellular DNA, respectively. MS2r Col-Trp+ small, convex-colony cells contained only the 177S peak (Fig. 3IIB) , accounting for 1.6% of the total DNA. Finally, the Trpcells did not contain CCC DNA (Fig. 3IIC) . The 96S peak in Fig. 3 corresponds to plasmid pEA566 described previously (33) .
If the molecular weight and amount of plasmid DNA in the cell are known, the number of plasmid copies can be calculated. The chromosome of Erwinia strains is similar to the chromosome of Escherichia coli (2), and its molecular weight can be taken as about 2,300 x 106. Therefore, the copy number of each CCC DNA described ranges from 0.8 to 1.2 per chromosome, indicating stringent control of replication of all plasmids.
Isolation and properties of a mutant with a stable plasmid. EA12 cells were treated with nitrosoguanidine as described previously (26) , incubated for 4 days in meat-peptone broth at 30°C, harvested by centrifugation, suspended in M9 medium, and incubated for 18 h at 300C for enrichment of the population with Trp+ cells. Colonies (2,000) obtained after a diluted cell suspension was plated on meat-peptone agar were tested for colicin production; only 22 were Col+. Each of these colonies was inoculated into meat-peptone broth and grown for 20 days at 30°C. Only one clone remained Col+; it was designated EA120. The mutant had become resistant to phage MS2, and the CCC DNA of Coltrp had appeared (Table 2) ; colicin production, tryptophan synthesis, and transfer ability were the same as in wild-type strain EA12. In addition, the size of colonies forned by mutant strain EA120 on meat-peptone agar was altered. The wild-type colonies were large and flat, whereas the mutant colonies were small and convex (Fig. 4) .
The loss of sensitivity to phage MS2 indicates that phage particles failed either to adsorb on or to mature in the cell. Phage particles adsorbed on mutant EA120 (Table 3) . Adsorption efficiencies on mutant and wild-type cells were approximately equal; hence, the structure of pili of mutant cells was not affected. The transfer ability of the mutant (Table 2 ) also suggests functional activity of pili.
Chromosomal nature of the mutation. To Such plasmid-determined functions as sensitivity to phage MS2, CCC DNA content, and plasmid stability were the same for EA22 and mutant EA120 but different for the original EA12 cells (Table 2) . Therefore, it is concluded that these characteristics depend on chromosomal genes.
Coltrp appeared to undergo no alterations in strain EA120 since, after it was transferred by conjugation into Escherichia coli AE1, all of the plasmid functions were expressed normally (data not shown). It may be concluded that the mutation(s) affecting maintenance of Coltrp in E. carotovora is located on the chromosome rather than on the plasmid, but one cannot exclude its possible localization on pEA566. DISCUSSION The loss of Coltrp from E. carotovora represents a complex process which may be divided into two stages. In the first stage, all plasmid markers, with the exception of Trp+, are lost and deletion of about 70% of the plasmid DNA occurs. The size of the remaining 177S CCC DNA in MS2r Col-Trp+ small-colony cells (Fig. 3IIB) closely coincides with the size of the Coltrp segment that contains the Trp+ marker and is frequently lost during transduction of Escherichia coli with phage P1 (9) . Perhaps this segment and the 177S DNA represent the same DNA sequence. In the second stage, the loss of the Trp+ cells parallels the appearance of Trpplasmidless cells (Fig. 2) . At approximately the same time, an MS2-resistant Col+ Trp+ large, flat-colony subpopulation becomes apparent (Fig. 2) . A comparison of CCC DNA in MS2r Col-Trp+ large-colony cells (Fig. 3IIA ) and in MS2r Col-Trp+ small, convex cells (Fig. 3IIB) suggests that colony morphology is encoded by the 157S DNA. This is consistent with known influences of unstable plasmids on cell growth and motility (19, 23) . The molecular weight of the 157S DNA is similar to that of the segment of ColVBtrp which contains the ColV factor and lies between F and the cysB markers (9) . It is known that ColV can affect the properties of the cell envelope in Escherichia coli (34) .
It should be noted that the loss of sensitivity to phage MS2 by the MS2r Col+ Trp+ largecolony fraction was accompanied by the appearance of Coltrp CCC DNA in these cells. Analogous transitions of plasmid DNA from the CCC to the open circular form were shown to correlate with plasmid instability (6, 11) . Two hypothetical alternatives may be envisaged to explain this phenomenon: (i) a small deletion in the MS2T genes containing the "hinge" relaxing the plasmid DNA; and (ii) an alteration in the cell membrane which prevents the attachment of phage nucleic acid to the membrane and, thus, its replication (21) .
Mutant EA120, which stably maintains Coltrp in the CCC form and is resistant to MS2 phage, has a mutation probably on the bacterial chromosome and not on Coltrp, consistent with the second hypothesis. Since the adsorption of phage MS2 to the mutant cells was normal (Table 3) , it might be assumed that subsequent steps of phage infection were interrupted. The intracellular development of some phages requires the attachment of phage nucleic acid to the cell membrane (21) . Perhaps, an alteration in the mutant membrane took place. This hypothesis is supported by the data on increased sensitivity to antibiotics and the alteration of colony morphology. The necessity of association between F-factor DNA and membrane (17) and involvement of the cell envelope in plasmid maintenance (30) have been demonstrated elsewhere. Plasmid-membrane interaction by means of plasmid protein(s) has been also proposed (38) . As is known, about 50% of the proteins encoded by F-like R-factors in Escherichia coli minicells are bound to the membrane (25) , and some of these are DNA-binding proteins (24) . The influence of the host cell on plasmid maintenance may be accounted for by the ability or inability of the cell membrane to integrate plasmid-coded protein(s) needed for plasmid replication in the active form. 
